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 6FKRRORI0DULQH6FLHQFHDQG7HFKQRORJ\1HZFDVWOH8QLYHUVLW\1HZFDVWOHXSRQ7\QH1(588.  
 6KDQJKDL-LDR7RQJ8QLYHUVLW\6KDQJKDL&KLQD  




$V RIIVKRUH RLO DQG JDV H[SORUDWLRQ PRYHV SURJUHVVLYHO\ WRZDUG JUHDWHU ZDWHU GHSWKV LW  
EHFRPHVPRUHFKDOOHQJLQJWRSUHGLFWWKHHQYLURQPHQWDOIRUFHVDQGJOREDOUHVSRQVHVRIIORDWLQJ  
SURGXFWLRQVWRUDJHDQGRIIORDGLQJ)362V\VWHPVDQGWKHG\QDPLFEHKDYLRXURIWKHPRRULQJ  
OLQHV DQG ULVHUV 7KH YDOLGDWLRQ RI FRPSOH[ QXPHULFDO PRGHOV WKURXJK VFDOH PRGHO  
H[SHULPHQWDOWHVWLQJLVUHVWULFWHGE\WKHSK\VLFDOOLPLWVRIWKHWHVWIDFLOLWLHV,WLVQRWIHDVLEOHWR  





)ROORZLQJ UHFHQW GLVFRYHULHV )362 KDV EHHQ SURSRVHG IRU D SRUWLRQ RI WKH SODQQHG  
GHYHORSPHQWLQWKHVRXWKHUQ*XOIRI0H[LFR*20LQZDWHUGHSWKUDQJLQJIURPWR  













 ,QWURGXFWLRQ  
6FDOHGPRGHOWHVWVRIDVKLSVKDSHG)362FRPSOHWHZLWKWXUUHWPRRULQJOLQHVDQGULVHUV  
LQGHHSZDWHURUXOWUDGHHSZDWHUORFDWLRQVDUHFRQVLGHUHGWREHWKHPRVWUHOLDEOHZD\WRVWXG\  
WKH FRPSOH[ K\GURG\QDPLFV DQG DHURG\QDPLFV RI WKH FRPSOHWH V\VWHP %07   
6WDQVEHUJHWDO8VLQJIDFLOLWLHVILWWHGZLWKDGYDQFHGHTXLSPHQWGHGLFDWHGPRGHOWHVWV  
FDQFORVHO\UHSUHVHQWWKHPRWLRQUHVSRQVHWRUHDOLVWLFHQYLURQPHQWDOFRQGLWLRQVDQGG\QDPLF  
LQWHUDFWLRQVEHWZHHQZDYHVFXUUHQWZLQGVDQGWKHWRWDOIORDWLQJV\VWHP LQFOXGLQJPRRULQJ  
DQGULVHUV\VWHPV  
7KHH[SHULPHQWDO WHVWVKHOS WRSURYLGHFUXFLDO LQIRUPDWLRQDERXW WKHFRPSOH[ OLQHDUDQG  




)DOWLQVHQ&KDNUDEDUWL /XRHWDO7KXVDPRGHO WHVW LVRIWHQXVHG WR  
YDOLGDWH GHVLJQV WKURXJKRXW D FRPSOH[ LWHUDWLYH GHVLJQ SURFHVV W\SLFDOO\ XVLQJ QXPHULFDO  
WRROV  
+RZHYHU ZKHQ FRQGXFWLQJ PRGHO WHVWV RI RIIVKRUH VWUXFWXUHV IRU GHHSZDWHU DQG XOWUD  











IRU H[DPLQLQJ WKH KXOO EHKDYLRXU EDVHG RQ H[LVWLQJ PRGHO EDVLQ IDFLOLWLHV DQG OLPLWDWLRQV  
0R[QHV  6PDOOVFDOH WHVWLQJ RI  KDV EHHQ XQGHUWDNHQ DQG VWXGLHV RQ  
UHOLDELOLW\DWWKLVVFDOHKDYHEHHQVXJJHVWHGWRHYDOXDWHDQGTXDQWLI\WKHXQFHUWDLQWLHVDQGWR  
NHHS WKHP ZLWKLQ DFFHSWDEOH OHYHOV RI DFFXUDF\ 6WDQVEHUJ HW DO  $Q DOWHUQDWLYH  








ZDWHU GHSWK XVLQJ ERWK WKH K\EULG SDVVLYH PHWKRGRORJ\ DQG D IXOO GHSWK PRGHO ZLWK D  




H[WUHPHUHVSRQVHRID WXUUHWPRRUHG)362 LVVHQVLWLYH WR WKHQRQFROOLQHDUHQYLURQPHQWDO  
FRQGLWLRQVRIZDYHVFXUUHQWDQGZLQGDQGWKHORFDWLRQRIWKHLQWHUQDOWXUUHWKDVLQIOXHQFHRQ  
WKHPRWLRQUHVSRQVHDQGWHQVLRQRIWKHPRRULQJOLQHV,UDQLHWDODQG:DUGHWDO  
VKRZHG WKDW WKH UHVSRQVHRIPRRUHG)362 LVPRUHVHYHUH LQQRQFROOLQHDUHQYLURQPHQWDO  
 ?







HIIHFWVRQ WKH )362 YHVVHO FRXSOHG ZLWKERWKPRRULQJ OLQHVDQG ULVHUV7KH )362JOREDO  
UHVSRQVHVIRUERWKWKHIXOODQGWKHEDOODVWORDGLQJFRQGLWLRQVDQGWKHDVVRFLDWHGG\QDPLFVRI  
WKH PRRULQJ OLQHV DQG ULVHUV ZHUH VWXGLHG IRU FROOLQHDU DQG QRQFROOLQHDU HQYLURQPHQWDO  
FRQGLWLRQV  




%RWK WKH )XOO ORDG DQG %DOODVW ORDG FRQGLWLRQV ZHUH WHVWHG 7KH )XOO ORDG FRQGLWLRQ LV  
DVVRFLDWHGZLWKD OHYHONHHOGUDXJKWHTXDO WRPZLWKDFRUUHVSRQGLQJGLVSODFHPHQWRI  
 WRQQHV DQG LQ WKH %DOODVW ORDG FRQGLWLRQ WKH DYHUDJH GUDXJKW ZDV  P ZLWK D  
FRUUHVSRQGLQJ GLVSODFHPHQW RI  WRQQHV 7KH WRWDO PDVV LQ WKH VFDOH PRGHO ZDV  
DFKLHYHPHQW LQ OHVV WKDQ   EHWZHHQ WKH PHDVXUHG DQG WDUJHW WRWDO PHDVXUHG YDOXHV  

























OLQH LQDJURXS LVVHSDUDWHGE\GHJUHHVIURPWKHDGMDFHQW OLQH7KHPRRULQJV\VWHPZDV ?





VLPSOH V\PPHWULF FRQILJXUDWLRQ7KH ULVHUVZHUH VHOHFWHGRQO\ IRU LQFOXGLQJDQG HYDOXDWLQJ ?
WKHLU W\SLFDO VWDWLF DQG FRXSOHG DVVRFLDWHG G\QDPLF HIIHFWV RQ WKH YHVVHO 7KH ULVHU ?
DUUDQJHPHQW LQ WKUHHJURXSV LVVKRZQ LQ)LJ&DVH& LQZKLFKHDFK WKHJURXSVDUHDOO ?
VHSDUDWHGE\GHJUHHV7KHPDLQULVHUFKDUDFWHULVWLFVDUHJLYHQLQ7DEOH&RQVLGHULQJ ?




HIIHFW$SDVVLYHK\EULGPHWKRGZDVXVHGWRGHVLJQ WKH WUXQFDWHGPRRULQJ OLQHVDQGULVHUV ?














































IORRU7KHSODQYLHZRI WKH EDVLQ LVJLYHQ LQ )LJ 7KHEDVLQZDV ILWWHG ZLWKHQYLURQPHQW ?





































WKH )362 LWVHOI DQG D FRPSOHWH V\VWHP RI WKH )362 ZLWK PRRULQJ OLQHV DQG ULVHUV 7KH ?







7KH VWDWLF FKDUDFWHULVWLFV RI WKH PRRULQJ OLQH DQG ULVHU V\VWHPV REWDLQHG IURP WKH ?
H[SHULPHQWDQGWKHQXPHULFDOGHVLJQZHUHYHULILHG7KHORQJLWXGLQDOGLUHFWLRQVGHJUHHV ?
DQG  GHJUHHV FRUUHVSRQGLQJ WR µ,QOLQH¶ DQG µ%HWZHHQOLQHV¶ FRQGLWLRQV DQG WUDQVYHUVH ?
GLUHFWLRQGHJUHHVGLVSODFHPHQWVFRUUHVSRQGLQJWRVXUJHDQGVZD\ZHUHFRPSDUHG)LJV ?
DQGVKRZDYHU\JRRGDJUHHPHQWRI UHVWRULQJFKDUDFWHULVWLFVPD[LPXPRIIVHWV LQ WKH ?
DOWHUQDWLYHIRUHDQGDIWORQJLWXGLQDOGLUHFWLRQVGHJUHHVDQGGHJUHHVZLWKPRRULQJOLQHV ?
ZLWKDQGZLWKRXWWKHULVHUV)XUWKHUPRUHWKHWHQVLRQVIRUWKHPRVWKLJKO\ORDGHGPRRULQJOLQH ?











$ VWRUP FRQGLWLRQ IRU D \HDU UHWXUQ SHULRG ZDV VHOHFWHG WR VWXG\ WKH KXOO PRWLRQ ?








$ JHQHUDWHGZKLWH QRLVH ZDYH HQYLURQPHQWZDVXVHG WR UHSUHVHQW WKH IXOOVL]HDQG IXOO ?
UDQJHHQYLURQPHQWZLWKZDYHSHULRGVIURPWRVDQGDVLJQLILFDQWZDYHKHLJKWUDQJHRI ?
P7KLVFRYHUHGWKHUDQJHRILQFLGHQWZDYHIUHTXHQFLHVIRUWKHRSHUDWLRQDO)XOOORDGDQG ?






WKHVHWHVWVWKH)362PRGHOZDVKHOG LQWKHUHTXLUHGSRVLWLRQ LQWKHEDVLQZLWKWKHVLPSOH ?





IDFWRU IRU WKH-216:$3ZDYHVSHFWUXP7DEOH7KHVHFKDUDFWHULVWLFVZHUHVHOHFWHG WR ?
UHSUHVHQWWKHW\SLFDOHQYLURQPHQWRIWKHVRXWKHUQUHJLRQRIWKH*XOIRI0H[LFR ?
)LJVDQGFRPSDUHWKHJHQHUDWHGLUUHJXODUZDYHVSHFWUXPIRUWKHPHDVXUHGDQGWKH ?









FRQGLWLRQV )EDOODVW    N1 IRU WKH )362 LQ ERZ FRQGLWLRQ ,Q WKH FDVH RI WKH FXUUHQW ?














'HFD\ WHVWV ZHUH FDUULHG RXW LQ FDOPZDWHU IRU WKHVL['2)RI WKH DVVXPHG XQFRXSOHG ?
PRWLRQVRIWKH)362PRGHOIRU)XOOORDGDQG%DOODVW ORDGFRQGLWLRQV7KHWHVWDUUDQJHPHQW ?
&DVH$VKRZQ LQ)LJZLWK WHPSRUDOO\KRUL]RQWDO UHVWUDLQLQJ OLQHVDERYHRI WKHZDWHUZDV ?
XVHG%DVHGRQWKHGHFD\WHVWVRIWKH)362PRGHOLQFDOPZDWHUWKHQDWXUDOSHULRGVDQGRQH ?
















ଵଶగ  ቄ ௬೙௬೙శభቅYVݕത ൌ ௬೙ା௬೙శభଶ      ?
 ?
:KHUH ?






































































)XUWKHUPRUH IRU WKHTXDUWHULQJ VHD LQFLGHQW ZDYH FRQGLWLRQ WKH VL[ '2) VXUJH VZD\ ?
KHDYHUROOSLWFKDQG\DZPRWLRQ5$2VDUHDOOLPSRUWDQW$OOVL['2)PRWLRQVVKRZFRXSOHG ?
HIIHFWV IRU ERWK )XOO ORDG DQG %DOODVW ORDG FRQGLWLRQV )LJ  7KH KLJKHVW DPSOLWXGH LV ?
REVHUYHGLQWKHUROOPRWLRQZKLFKLVVLPLODUIRU)XOODQG%DOODVWORDGFRQGLWLRQVZKHUHDVWKH ?
UHVRQDQFH IUHTXHQF\ LVVPDOOHU IRU WKH )XOO ORDG  UDGV FRPSDUHG WR WKH %DOODVW ORDG ?
 ?

FRQGLWLRQUDGV'LIIHUHQFHVEHWZHHQWKH)XOO ORDGDQG%DOODVW ORDGFRQGLWLRQVIRUWKH ?
RWKHUPRWLRQVZHUHIRXQGWREHLQVLJQLILFDQW ?
7KHDPSOLWXGHRIPRWLRQUHVSRQVHVRIWKH5$2VDUHVHQVLWLYHWRWKHGLUHFWLRQRIWKHLQFLGHQW ?
































7KH VXUJH PRWLRQ UHVSRQVH VSHFWUD RI WKH )362 PRGHO LQ )XOO ORDG FRQGLWLRQ IRU WKH ?




VXUJH GLUHFWLRQ ZLWK VOLJKWO\ ORZHU UHVRQDQFH IUHTXHQFLHV )LJ  7KH PRWLRQ UHVSRQVH ?
VSHFWUDVKRZWKDWRQO\HQHUJ\DWWKHORZIUHTXHQF\UDQJHKDVDQRWDEOHLQIOXHQFHRQWKHJOREDO ?
UHVSRQVH ZKHUHDV WKH ZDYH IUHTXHQF\ UHVSRQVH FRQWULEXWLRQ LV QHJOLJLEOH LQ WKH VXUJH ?




LQGLFDWLQJ WKDW WKH ZDYHFXUUHQW LQWHUDFWLRQ LQ FROOLQHDU µ,QOLQH¶ HQYLURQPHQW FRQGLWLRQ ?
ZDYHFXUUHQWZLQG LQFUHDVHV WKH YLVFRXV GULIW GDPSLQJ RQ WKH )362 PRGHO 2Q WKH ?
FRQWUDU\ WKHSHDNVXUJH UHVSRQVH LQ WKHQRQFROOLQHDU FDVH ZDYHFXUUHQWZLQG LV ODUJHU ?
WKDQ WKDW LQFROOLQHDUHQYLURQPHQWFRQGLWLRQ ZDYHFXUUHQWZLQG LQGLFDWLQJ WKDW WKHZDYH ?


















WKH OLQH WHQVLRQ UHVSRQVH VSHFWUXP LV REVHUYHG LQ WKH µ,QOLQH¶ FDVH / IRU WKH )XOO ORDG ?
FRQGLWLRQ ZKLFK LV DVVRFLDWHG ZLWK WKH KLJKHU PHDQ ORDG FRQGLWLRQ FRPSDUHG WR WKH RWKHU ?
FDVHV7KH OLQH WHQVLRQ UHVSRQVHVSHFWUXP/VKRZV WKDWRQO\ WKH ORZ IUHTXHQF\ UDQJH ?











DW WKH UHVRQDQW IUHTXHQF\RI WKH)362 PRGHOZLWKPRRULQJ OLQHVDQG ULVHUVGHFUHDVHV E\ ?
DSSUR[LPDWHO\FRPSDUHG WR WKHV\VWHPZLWKPRRULQJ OLQHVRQO\ GXH WR WKH DGGLWLRQDO ?
GDPSLQJFRQWULEXWLRQIURPWKHULVHUV ?















LPSRUWDQW 7KH KLJKHVW SHDN HQHUJ\ DPSOLWXGH RI WKH OLQH WHQVLRQ UHVSRQVH VSHFWUXP LV ?




/RDG FRQGLWLRQV DQG WKH PRVW ORDGHG PRRULQJ OLQH DQG ULVHU ZHUH IXUWKHU H[DPLQHG 7KH ?











VXUJHGLUHFWLRQ IRUDOOHQYLURQPHQWDO ORDGLQJFDVHV7KHPD[LPXPPRWLRQVRFFXUUHG LQ WKH ?
VXUJHGLUHFWLRQGXHWRWKHPRRULQJOLQHLQWHUQDOWXUUHWV\VWHPZKLFKDOORZHGWKH)362WRURWDWH ?










LUUHJXODU ZDYHV &KDNUDEDUWL  7KHUHIRUH WKH PHDQ DQG G\QDPLF VXUJH PRWLRQ ?
UHVSRQVHVLQFUHDVHLQWKH)362PRGHO)DOWLQVHQ6WDQVEHUJHWDORZLQJWRWKH ?
LQFUHDVH RI WKH PHDQDQGVORZGULIW H[FLWDWLRQZDYH %DVHGRQ WKH FRPSDULVRQZDVPDGH ?




PFRPSDUHGZLWKWKHFROOLQHDUFDVHVµ,QOLQH¶FDVH PDQGµ%HWZHHQOLQHV¶FDVH  ?
P7KH ORZ IUHTXHQF\VZD\DQG\DZPRWLRQV LQ WKHQRQFROOLQHDUFDVH LQ WHUPVRI ?
DEVROXWHYDOXHVUHVXOWHGLQPD[LPXPPRWLRQVRIPDQGGHJUHHVUHVSHFWLYHO\ ?
FRPSDUHG ZLWK WKH µ,QOLQH¶ FRQGLWLRQ VZD\  P DQG \DZ  GHJUHHV DQG WKH ?
µ%HWZHHQOLQHV¶FRQGLWLRQVZD\ PDQG\DZ GHJUHHV ?
2QWKHRWKHUKDQGWKHHIIHFWVRIWKH\DZPRWLRQLQWKHZDYHIUHTXHQF\DOVRLQIOXHQFHGWKH ?
PRWLRQVRIUROOKHDYHDQGSLWFK,QWKHQRQFROOLQHDUFDVHWKHPRWLRQVLQWHUPVRIDEVROXWH ?
YDOXHVUROO GHJUHHKHDYH PDQGSLWFK GHJUHHVZHUHIRXQGWREHKLJKHU ?
WRWKRVHLQWKHFROOLQHDUFDVHV,WLVZRUWKQRWLQJWKDWLQWKHQRQFROOLQHDUFDVHWKHLQFLGHQW ?



























ZDVWHVWHGDQGWKHUHVXOWVDUHSUHVHQWHG LQ7DEOHDQG7KHPRWLRQUHVSRQVH LQVXUJH ?
GLUHFWLRQZDV UHGXFHGE\ZLWKDVWDQGDUGGHYLDWLRQRI7KHGLIIHUHQFHV LQPHDQ ?
PRWLRQUHVSRQVHZHUHUHODWLYHO\VPDOOZKHQWKHULVHUV\VWHPZDVFRQVLGHUHG7KHFRQWULEXWLRQ ?
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GHFUHDVHG WKH G\QDPLFPRWLRQ UHVSRQVH 7KH PD[LPXP G\QDPLF WHQVLRQ UHVSRQVH RI WKH ?
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ZDYHV FXUUHQW DQG ZLQG FRPSDUHG WR WKDW RI WKH V\VWHP ZLWK LUUHJXODU ZDYHV RQO\ 7KH ?
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ZDYH IUHTXHQF\ PRWLRQV LV IRXQG WR EH LQVLJQLILFDQW 7KH KLJKHVW WHQVLRQ UHVSRQVH LQ WKH ?




























V\VWHPV IRU IORDWLQJ VWUXFWXUHV H[SORUDWLRQ DQG SURGXFWLRQ GHSDUWPHQW $3, ?
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 ? D 5HVWRULQJIRUFHVYVRIIVHW ?
 ? E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 ? D &ROOLQHDUµ,QOLQH¶ ?
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E&ROOLQHDUµ%HWZHHQOLQHV¶ ?











































































































































































































































)LJ/LQHWHQVLRQUHVSRQVHVSHFWUDIRUWKH)XOOORDGFRQGLWLRQ ?  
  ?  
 ?

 ?  
 ?  
)LJ6XUJHPRWLRQUHVSRQVHVSHFWUDQRQFROOLQHDU&DVHIRUWKH)XOOORDGFRQGLWLRQ ?  
  ?  
 ?

 ?  
 ?  
)LJ5ROOPRWLRQVSHFWUD1RQFROOLQHDUFDVHIRUWKH)XOOORDGFRQGLWLRQ ?  





















 ?  
 ?  
)LJ/LQHWHQVLRQUHVSRQVHVSHFWUDIRUWKH)XOOORDGFRQGLWLRQ ?  
  ?  
 ?

 ?  
 ?  
)LJ5LVHUWHQVLRQUHVSRQVHVSHFWUDIRUWKH)XOOORDGFRQGLWLRQ ?  


























 ?  
 ?  
)LJ6XUJHPRWLRQUHVSRQVHVSHFWUDIRU)XOODQG%DOODVWORDGFRQGLWLRQ ?  
  ?  
 ?

 ?  
 ?  
)LJ/LQHWHQVLRQUHVSRQVHVSHFWUDIRUWKH)XOODQG%DOODVWORDGFRQGLWLRQ ?  
 ?  
 ?  
 ?  
  ?  
 ?

 ?  
 ?  
)LJ2IIVHWVWUDMHFWRULHVRIWKH)362ZLWKPRRULQJOLQHV ?  
DQGULVHUVQRQFROOLQHDUFDVH)XOO/RDGFRQGLWLRQ ?  
 ?  
)LJ<DZPRWLRQUHVSRQVHRIWKH)362ZLWKPRRULQJOLQHV ?  
DQGULVHUVQRQFROOLQHDUFDVH)XOO/RDGFRQGLWLRQ ?  
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 ?  
)LJ  2IIVHWV WUDMHFWRULHV RI WKH )362 ZLWK PRRULQJ ?  
OLQHVQRQFROOLQHDUFDVH)XOO/RDGFRQGLWLRQ ?  
 ?  
)LJ<DZPRWLRQUHVSRQVHRIWKH)362ZLWKPRRULQJOLQHV ?  
QRQFROOLQHDUFDVH)XOO/RDGFRQGLWLRQ ?  
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)LJ<DZPRWLRQUHVSRQVHRIWKH)362ZLWKPRRULQJOLQHV ?  
QRQFROOLQHDUFDVH%DOODVW/RDGFRQGLWLRQ ?  
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)LJ&RPSDULVRQRIWKHH[WUHPHVXUJHPRWLRQQRQFROOLQHDUFDVH)362PRRULQJOLQHV&DVH%YV)362 ?  
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&DVH% ?  
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RQO\DQG1RQ&ROOLQHDUFDVHVH[SRVHGWRLUUHJXODUZDYHVFXUUHQWDQGZLQG)362PRGHOZLWKPRRULQJOLQHV ?  





















 ?  
 ?  
)LJ6WDWLVWLFDOYDOXHVRIWHQVLRQUHVSRQVHRIWKHORDGHGOLQH/IRUWKH&ROOLQHDUµ,QOLQH¶DQG1RQFROOLQHDU ?  
FDVHVIRUWKH)362ZLWKPRRULQJOLQHVH[SRVHGWRLUUHJXODUZDYHVRQO\DQGLUUHJXODUZDYHVFXUUHQWDQGZLQG ?  
 ?  
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